Damage to the cytoskeleton of large diameter sensory neurons and myelinated axons in vincristine-induced painful peripheral neuropathy in the rat.
Vincristine, along with other antimitotic chemotherapeutic drugs, produces a peripheral neuropathy in humans that is accompanied by painful paresthesias, dysesthesias, and occasionally hypoesthesia, and by hyporeflexia (Holland et al. [1973] Cancer Res. 33:1258-1264; McLeod and Penny [1969] J Neurol Neurosurg Psychiatry 32:297-304; Postma et al. [1993] J Neurooncol. 15:23-27; Sandler et al. [1969] Neurology 19:367-374). Systemic administration of vincristine causes swelling of unmyelinated axons and disorientation of axonal microtubules (Tanner et al. [1998a1998a] J Comp Neurol. 395:481-492) at a time when it also produces allodynia and mechanical hyperalgesia (Aley et al. [1996] Neuroscience 73:259-265; Authier et al. [1999] Neuroreport 10:965-968) and enhanced responsiveness in C-fibers in the rat (Tanner et al. [1998b] J Neurosci. 18:6480-6491). Because slowing of A-fiber conduction velocities had also been demonstrated (Tanner et al. [1998b] J Neurosci. 18:6480-6491), and mechanical hyperalgesia can occur secondary to damage to large diameter sensory afferents (Basbaum et al. [1991] Can J Physiol Pharmacol. 69:647-651; Coggeshall et al. [1993] Pain 52:233-242; Woolf and Mannion [1999] Lancet 353:1959-1964), we sought to determine whether vincristine also induced ultrastructural changes in myelinated A-fibers. Moreover, since systemic treatment with vincristine did not cause profound microtubule depolymerization in the unmyelinated axons of the peripheral nerve, we hypothesized that the drug's effects may be more extensive in the cell body, because in the spinal ganglion, the blood-nerve barrier is less restrictive. We used quantitative ultrastructural methods to analyze the microtubule cytoskeleton in myelinated axons in the mid-shaft of the saphenous nerve and in the sensory ganglion cells. Vincristine induced swelling of the whole nerve and an increase in the cross-sectional areas of myelinated axons but no loss of myelinated axons. There was a significant decrease in axonal microtubules, as well as microtubule disorganization, in myelinated fibers from vincristine-treated rats. In the spinal ganglion, vincristine induced swelling of large diameter sensory neurons and a build-up of neurofilaments in the cell bodies and proximal axons, suggestive of impaired anterograde axonal transport.